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WBLP or Tire Twnffrygff 

The invention relate, to « „thod for 
detecting g.„. mutation. i„ nuci.ic acid.. The 
-thod can be u.ed to identify ,„ altered b... at 
* specific site. 
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IMMMOWm n» TmTTT°» 

Becau.. »a„ y hUMn diMM€I gri>e fay 
b««. pair change. i„ oen... the analy.is of ba.e 
Pair aisaatche. and .utation ^ iapmnt 
implication. i„ bioa.die.1 r..earch and in 
-dicine. rer e*.« pl .. ainqlt autations at 

codon. i 2 , 13 or « X cf on. of the three ^ gene, 
occar in a .ignificant nuaber of huun cancer., the 
highe,t incidence being found in edenocarcinoaa. cf 
the pancrea. <*,%>, the colon ,50%) and lu„ g (30 *, , 
in thyroid tuaor. (5 0*> ,„d in my.i oid leuk , Bia 
(30%). bo. (lflt) ^ ^ „ , 4S „. 4689 A 
con.id.rabl. nuaber of huaan ,.„. rlc di-a.es are 
Jaown to be caue.d by point mutation (,.. f «r 
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example tt« latest «dition of "Kendelian 
Inheritance in Man" by V.x. KcKusiek) . 

Single bas« changes can Ac neutral, that is, 
encode the sane amino acid if occurring in an exon, 
5 -occurring at a non-critical sita in an intron or 
nay result in a conservative amino acid 
substitution: can result in an amino acid change 
that yields a less fit, albeit functional, gene 
product; or can result in a deleterious allele 
X0 which could affect the survival of the host 
organism. 

Single base substitutions that yisld 
effaetlvely neutral changes contribute to normal 
population heterogeneity, also known as 

15 polymorphism or balanced polymorphism. The most 
prevalent allele or the allele believed to be the 
oldest in a population is identified as the wild 
type allele. Those single base substitutions that 
reduce the fitness of the organism are commonly 

20 Known as mutations. For those mutations that 
reduce fitness, predispose en organism to a disease 
state or that havs reduced penetrance or delayed 
expression, it would be beneficial to have the 

» 

capability of diagnosing or identifying the allele 
25 carried by the target organism. 

Direct gene analysis, particularly for the 
detection of single base mutation, can be obtained 
by a variety cf techniques. Tor example, 
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restriction fragment length polymorphism results 

from alterations in the recognition sequence of a 
restriction endonuclease. The discovery of a 
restriction fragment length polymorphism enabled 
5 the diagnosis of sickle cell aneaia which arises 
fro* a single amino acid change in 0 globin. But 
the recognition site of restriction endonucleases 
generally is from 4-10 base pairs, there are large 
numbers of restriction endonuclease* specific for 
unique recognition sites and the recognition sites, 
if organized randomly in the genome, would be 
distributed at a frequency that corrslatas with the 
number of base pairs in the restriction site. 
Tnus, only a mil port^ of ^ g€BOB< ^ 
15 monitored by any one enzyme. 

Another means for identifying base 
substitution is direct sequencing of a nucleic acid 
fragment. The two prevalent methods are the 
Kaxaa/cilbert method (Maxam & Gilbert (1980) Meth. 
£21^, «5, 49i-5«0) and the dideoxy method (Sanger 
•t *1. (1977) ££8^ Hau. assjL. ssi*. 74, 
-463-54«7). Although the use of the polymerase 
chain reaction ( PC R) (Saixi et al. ( m S ) SslSBSA, 
230. 1350-1333) can facilitate sequencing, direct 
gene sequencing remains a labor intensive and 
tedious means. 

Because mismatches often cause anomalous 
mobility of nucleic acid fragments in 



20 



25 



electrophcretic procedures, methods have been 
devised for distinguishing mismatched duplexes from 
matched duplexes, see for example Myers et al. 
(HBtfL. fiat*, (1987) 155, 501-527). Mismatches can 
" be obtained by hybridizing sequences from wild type 
and mutant genes or from a sample with a 
synthesized oligonucleotide. The sensitivity of 
detecting mismatched duplexes can be enhanced by 
conducting the electrophoretic separation under 
denaturing conditions, Hyers et al., imr» . 

Another method for detecting mismatches is 
using Wase A (Myers et al. (1985) Se*«w«— 230 , 
1242-12««). ror example, a specific probe is 
hybridized to target SKA or ONA and then exposed to 
KHasa A, which is able to detect mismatches in a 
duplex structure. The enzyme cleaves at the site 
of a mismatch. upon electrophoresis under 
denaturing conditions, the mismatch is detectable 
by the presence of nueleie aeid fragments vi .sh are 
smaller than the full length duplex. While the 
KHase A method is nor. as definitive or as sensitive 
as sequencing, it is more rapid than sequencing. 

Another approach relies on the instability of 
duplexes comprising an oligonucleotide, see for 
example Conner et al. t Pree. tt*r\. xe»A. sci. 
(1983) 80, 27B-282) . Such duplexes are stable only 
under well defined hybridization conditions, 
generally involving salt concentration of the 
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hybridization solution and temperature. Thus, an 
oligonucleotide which is complementary except for 
a single aisaatch may not remain hybridized to a 
target sequence if the hybridization conditions are 
5 not optimized. That rationale enables the 
detection of mismatches by hybridizing an 
oligonucleotide to a target sequence and 
determining whether a stable duplex molecule 
results. 

10 A newer method relies on DMA ligase which 

eovalently joins two adjacent oligonucleotides 
which are hybridized on a complementary target 
nucleic acid, see for example Landegren et al. 
(ScltnStt (1911) 241, 1077-1080). The mismatch must 

IS occur at the site of ligation. As with ether 
methods that rely on oligonucleotides, salt 
concentration and temperature at hybridization are 
crucial. Another consideration is the amount of 
enzyme added relative to the OKA concentration. 

20 Another method relies on polymerase chain 

reaction amplification of specific oligonucleotide 
primers, see for example Chehab et al. (1987) 
mini, 329, 293-294). The method offers the 
advantages of not requiring a large amount of ON A, 
25 as is required for restriction fragment length 
polymorphism analysis, and is more rapid, than for 
exaapl*, the use of allele-specific oligonucleotide 
hybridization. Furthermore, the method does not 



require the use of radioactive labels, wu «t al. 
(1S89) Proc. Natl, Acad. Sci. , 36, 2757-2760. 

Each of the, known prior art methods for 
detecting single- base pair mismatches has 
.shortcomings. Hybridization and RNase assays 
occasionally give false positive or false negative 
results due to high background or poor enzyme 
specificity. Methods relying on the use of 
oligonucleotides require carefully controlled 
hybridization conditions. The use of 
allele*specific oligonucleotides also requires 
finely tuned conditions as one of the pair of pen 
primers must be perfectly matched and the other, 
because of one or more mismatches , must not 
hybridize for discrimination to be possible.. 
Methods that rely on PCR can have contamination 
problems and some mismatches can form base pairs 
thereby producing false results. OKA sequencing 
cannot detect a bss* change in a DNA sample which 
is contaminated with more than 80% of normal DNA. 

Denaturing gradient gel or the RNase A methods 
can essess long stretches of DNA for mismatches, 
however, those methods are not as sensitive as the 
llgase method because they are estimated to test 
only about half of all mutations that involve 
single nucleotides, furthermore, less than half of 
all point mutations give rise to gain or loss of a 
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restriction enzyme cleavage site. Landegren et al. 
(1988) Seienee . 241. 1077-)080. 

All of the sethods mentioned above cannot 
reliably detect a basa change in a nucleic acid 
5 .which is contaninated with sore than 80% of a 
background nucleic acid, such at normal or wild 
type sequences. Contamination problems are 
•ignifieant in cancer detection wherein a malignant 
cell, in circulation for example, is present in 
10 extreaely low amounts. Thus, the methods now in 
use lacx adequate sensitivity to find practical use 
in a clinical setting. It is desirable for an 
assay to have a sensitivity of less than 20%, that 
is, capable of detecting a variant sequence that 
15 comprises less than 20% of a sample, and preferably 
less than 10%. 

Accordingly, there is a need for a sensitive 
and accurate assay for detecting single base pair 
mismatches which does not require the use of toxic 
20 labels, does not require a large amount of a 
sample, is not labor intensive and is robust, it 
is particularly advantageous if the assay has a 
sensitivity of detecting a single base change in a 
DKA sample contaminated by up to, if not aore than, 
25 about m normal OKA. 

There are a class of enzymes that repair 
mismatches in nucleic acids, and particularly in 
OKA. Suitable enzymes, for example, are those 
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which specifically cleave nucleic acid strands near 
mismetehes. Some of thosa enzymes havs nucleic 
aeid glycosylase activity as well as apurinic or 
apyrimidinic andonuclaase activity. 
5 Por example, a dll aathylatioh-independent 

pathway in E. coli acts unidirectional ly on G/T 
mismatches to restore the c/c pair at the second 
position within the sequence 5'-cC(A/T)CG. Lieb 
(1985) MaU fiaj^ sftne^, ioi, U8-i:5. The ensyae 
10 involved with that repair function has been 
expressed as a fusion protein. Hennecke et al. 

(1991) Watur. 353, 116-118. 

Wiebauar 4 Jiricny f Matm Tft (1989) 339, 
234-23«? EEfiCj, Ull^ Aflad^ ^ (l990) Zlf 
13 3843-3845) reported an anzyae obtained from HeLa 
nuclear extracts capable of correcting c/t 
mismatches almost exclusively to G/C pairs. 

k dlB-lndependent repair pathway specific for 
A/C mismatches requires expression of the E. coli 
20 mat g%n . product, lu 6 Chang (198 8) s«n»<- 108 , 
S93-600, Tsai-Wu et al. (im, ^ 173> 
1903-1910. The repair mechanism is unidirectional 
resulting in an A to c conversion, the enzyme 
responsible for the repair activity both binds 
25 specifically to A/G mismatches and cleeves the 
nucleic acid at either aid. of the adenine residue. 
There are no ineisions on the other strand. The 
repair system is proposed to convert A/C mismatches 
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to a C/G base pair. Lu i Chang (1988) c«n . 54, 
805-812. 

Similar enzymes spteific for A/G aisaatches 
have been found in human (Yang at al. (1991) 
5 -3+ aid, Chen. . 266, 6480-6484) and calf thymus 
cells. The all-type endonuclease described 
harainbalov and obtained from HeLa, calf thymus and 
yaaat eella nicks at eight different base pair 
mismatches . 
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bokmahy or m tm^ti^ 



It is an object of the instant invention to 
provide a sensitive and accurate method for 
detecting base pair aisaatches in nucleic acid 
sequences and particularly in OKA sequences, sueh 
IS as genomic DNA sequences. 

toother object of the instant invention is to 
provide a method for identifying the nucleotide at 
a specific site in e nucleic acid without using 
sequencing methods. 

20 These and other objects were attained through 

tha development of a method for identifying a 
nucleotide base at a single site in a nucleic acid 
comprising: 
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(a) obtaining single stranded target 
nucleic acid sequences; 



(b) hybridizing oligonucleotides 
comprising said site to said single 
stranded nucleic acid sequences, 
wherein said oligonucleotides may or 
may not be complementary at said 
site in said single stranded nucleic 
acid sequences, to form 
oligonucleotide-target nucleic acid 
sequence hybrids; 

(e) exposing said nucleic acid sequence 
hybrids to an ensyme that binds to 
mismatch bases to form 
enzyme-nucleic acid complexes or 
that cleeves one strand containing 
a mismatched base pair to produce 
cleaved fragments; 

(d) determining the presence of said 
ensyme-nucleie acid complexes or 
said cleaved fragments; and 

t) identifying the nucleotide base at 
said site by virtue of whether a 
reaction with an oligonucleotide 
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forms a complex or products cleaved 
fragments. 



The method is further exemplified wherein said 
- oligonucleotides comprise a first and a second 
oligonucleotide complementary to a first single 
stranded nucleic acid and a third and a fourth 
oligonucleotide complementary to the second single 
stranded nucleic acid; and wherein said first and 
said third oligonucleotides comprise A, T, G or C 
at said site, and said second and said fourth 
oligonucleotides comprise at said site a base other 
than that base which hybridises under normal 
conditions with the base et said site in said first 
and said third oligonucleotides. 

The instant invention also provides a method 
for identifying a base pair mismatch at a site in 
a nucleic acid comprising: 

(a) obtaining single stranded target 
nucleic acid sequences; 

(b) hybridizing nucleic acid fragments 
obtained from wild type cells or 
oligonucleotides comprising said 
site to said single stranded nucleic 
acid sequences, wherein said 
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fragaents or said oligonucleotides 
may or nay not be complementary at 
said site in said single stranded 
sequence, to fora fragaent-target 
nuclaic acid hybrids or 
oligonucieotide-target nuclaic acid 
hybrids ; 

(c) exposing said nuclaic acid hybrids 
to an enzyme that binds specifically 
to basa pair aisaatches to fora 
enryae-nucleic acid complexes or 
that claavas a nuclaic acid strand 
to produce cleaved fragaents; and 

(d) deteraining the presence of said 
complexes or said cleaved fragaants. 

The instant invention also provides a method 
for datacting the loss of a vild type allele 
comprising identifying a aisaatch between a first 
nuclaic acid obtained froa target calls and a 
second nucleic acid, vherein said first and said 
second nucleic acids are hybridised to form a 
duplex and said duplex is exposed to an enzyva 
which binds to a niseatch basa pair to fora a 
coapiax or which claavas said first or second 
nuclaic acid to fora cleaved fragments and 
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determining the presence of said complex or said 
cleaved fragments. The second nucleic acid can be 
obtained from a wild type cell or synthesized. 



The instant methods can be useful in the 
detection of genetic disease, cancer and genetic 
variability such as normal polymorphisms. 

Determining whether cleavage occurred can be 
accomplished in a variety of art-recognized 
methods. Thus, such a determination can be 
accomplished by direet analysis of the sequences, 
such as by nucleotide sequencing, or by determining 
fragment lengths following labelling of the nucleic 
acid sequence, with, for example, radioactive 
labels, such as M P. The use of denaturing gels can 
facilitate discrimination of the reaction products. 

Alternatively, cleavage can be inferred for 
example, by labelling the nucleic acid sequence at 
two sites on either side of the target site. Thus, 
for example, the doubly labelled nucleic acid is 
fixed to a solid support at one end and following 
the enzymatic reaction with tne mismatch enzyme and 
a wash, presence of both labels or one label, that 
on the end fixed to the solid support or that 
washed away, is assessed. The labels can be the 
same or different. Preferably the reporter 
molecules are non-radioaetiva labels, such as 
enzymes or dyes. 
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Detection of nisoatehes can oeeur also by 
deteraining the presence of ansyae-nucleic *cid 
complexes, for exaaple, by analysis on a native 
gel, gal retardation assay, essentially as 
5 - described in Triad i Crothers t Nuel . Acids r m 
(1981) 9, 6505-6526). 

PmillP DBSCTTTTTOW OF TO Tw^tom 



Tha instant invention relates to the use of a 
elass of enzymes capable of mismatch detection 
10 and/or repair to detect single base pair nutations 
in nucleic acids and particularly in DNA, such as 
in genomic DHA. Any of the class of enzyaes 
capable of identifying or binding to a site of a 
base pair aisaateh and/or cleaving at or about that 
15 site can be used in the instant invention. 

The instant invention finds utility in the 
diagnosis of genetle disorders that arise froa 
point nutations. Many cancers, for exaaple, can be 
traced to point nutations in kinases, growth 
factors, receptors binding proteins end nuclear 
proteins. Soae of the disorders include cystic 
fibrosis, xeroderma pigaentosua, ataxia 
telangiectasia, Bloom's syndrome, the 
heaoglobinopathies, such as thalassemia and sickle 
cell disease, other diseases that arise froa inborn 
errors of aetabolisa. such as phenylketonuria, 
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muscular dystrophy, mental retardation syndroaes, 
such as the fragile X syndroae, Albright's 
osteodystrophy, spacific genes associated with 
cancer, such as Dec, MF-l, rb, p5 3. erbA and the 
5 -Vila-, tuaor gene, and various oncogenes, such as 
abl, arbB, arc, sis. ras, fos, ayb and aye. 

Tha instant assay can b« used on the nucleic 
acids of a variety of cells, for example, blood 
cells, aaniocytes, that is cells found in the 
10 amniotic fluid, bone aarrov cells, cells obtained 
froa a biopsy speciaen and the like. The nucleic 
acids can be ribo or deoxyribo nucleic acids. 
Double stranded nucleic acids are rendered single 
stranded using Known techniques. 
15 The term, "base pair aisaaten", indicates a 

base pair combination that generally does not fora 
in nucleic aeids und.r neraal circuastances . . For 
exaaple, when dealing with the bases coaaonly found 
in OKA, naaely adenine, guanine, cytosine and 
20 thyaidine, base pair aisaatehes are those base 
combinations not including the A-T and o-C pairs 
normally formed in DNA's. 

As used herein, "coapleaentary" indicates 
noraal base pairing betw««n two nucleic aeid 
25 strands but aay include a aisaateh at a site. 

As used herein, "oligonucleotide- indicates 
any short segaent of nucleie aeid which can be 
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obtained as a fragment from a call, for example as 
a restriction fragaent, or is synthesized in vitro. 

An enzyme of th« class of enzymes which is 
suitabla in tha practice of tha instant invention 
5 -is that described in Lu & Chang (Call (1988) 54, 
805-812) which recognises the A/G aisaateh. The 
enzyme i« obtained from E. coli and is identified 
as MutY (or MicA) . 

A suitable method for obtaining an enzyme 
10 useful in the instant invention is exemplified in 
a aethed for obtaining the A/G aisaateh enzyae. 
The A/G aisaateh enzyae can be obtained froa 
E. coli, such as any wild type strain available 
froa the Aaariean Type Culture Collection. The 
15 cells are lysed in a suitabla buffer such as a 
buffer coaprising about 15 aK Tria-HCl, P H 7.8, 
about 0.1 aK EDTA, about 0.5 aK DTT and about 
0.1 an PKSF (Buffer A). The cells are lysed by 
coaaonly Known methods such as freeze-thav or 
20 sonication. The lysata is clarified by 
centrifugation and the supernatant is treated with 
about 25* (w/v) streptoaycin sulfate. Any 
insoluble material is removed and solid aaaenium 
sulfate is added to the supernatant to a 
25 concentration of about 35%. The precipitate 
obtained therefrom is suspended in buffer A recited 
above. 
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Thf suspension is dialyted against tn# 
above-noted buffer A. The resulting dialysate is 
suspended in a suitable buffer such as one 
comprising about 20 mK potassium phosphate, pH 7.4, 
5 -about 0.5 mM OTT, about 0.1 mH EOTA and about 
0.1 mM PMSF, containing about 0.05 art potass iua 
chloride (Buffer B) . 

The resulting solution is passed over a 
phosphocellulose column and the column is eluted 
10 with a linear gradient of about 0.05-0.5 M 
potassium chloride in the above-noted buffer B. 
Those fractions containing a/6 mismatch binding 
and/or nicking activity, which elute at about 0.3 
M potassium chloride, are pooled and are applied to 
15 • hydroxyapatite column equilibrated with the mm 
buffer B as noted above except that the potassium 
phosphate concentration is 10 mK and the solution 
contains 0.01 M potassium chloride. The column is 
eluted with a linear gradient of potassium 
20 phosphate (pH 7.4, about 0.01-0.6 M) containing 
0.5 mM OTT and 0.1 mK PHSF. Aetive fractions 
obtained from the column can be stored et -70*C. 

Alternatively, the eluate further is dialyted 
against a buffer comprising about 20 mM KP0 4 
25 (pH 7.4], about 0.1 mH EDTA, about 0.5 mM OTT, 
about 0.5 M KC1, about 0.1 mM PMSP and about 10% 
(v/v) glycerol (Buffer C) . The dialysate is 
applied to a heparin-agarose column and eluted with 
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a 0.1-0.6 M KC1 gradient in the same buffer C. a/g 
nicking activity elutes at about 0.38.K KC1 and th« 
fractions ara iitlyied against buffer c. The 
resulting endonuelease preparation is purified 
5 about 1,500 fold. 

Tha gene product of tha mutY (or micA) loeus 
of I. coli is essential to obtain 
mathylation-indap«ndant r«p«ir of A/C mismatches. 
Tha DMA sequence of tha autY locus his baan elonad 
10 and found to «ncod« a protain of about 39 led 
molecular waight which carrias A/C 
mismatch-specific nieJeing activity. Tsai-Wu at al. 
(1991) Bacteripl,, 173, 1902-1910. tha 
recombinant enzyme can ba usad in tha practice of 
15 th« instant invention. 

Tha determination of whether an enzyme with 
tha requisite eharactaristies is obtained can raly 
either on the capability of a protain to bind 
specifically to an VG mismatch or on the 
20 capability to claava at or about an A/C mismatch. 

By way of example, the hybrid of phages fi 
R229 and K28 has an A/C mismatch at position 5621. 
BoaJca (1981) BqI* fitiu fitnjt*, 181, 281-291; Lu et 
al. (1983) frfiC*. SOU* A e »d, 80, 4639-4643. 

25 Thus, a nuelaie acid fragment containing position 
5621 can be used in a protein-nucleic acid binding 
or nicking assay. Alternatively, two annealed 
oligonucleotides, made in a commercially available 
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DMA synthesizer, which arc eqapleaentary .xc.pt «t 
one defined position where an A/C aisaatch is 
configured, can be used as a heteroduplex carrying 
an A/C aisaatch in the above noted assays. 
5 In * binding assay, protein saaples are 

incubated .with labelled nucleic add fragment 
containing, according to the example a&ove, the A/G 
aisaatch along with non-labeled, non-specific DMA 
(see Fried t crotaers, supra; Carthew et al., 
(1985) aU, 43, 439-448). Briefly, protein 
saaples arc incubated with labeled target nucleic 
aeid in a buffer ceaprising about 20 aM Tris-HCl 
(PH 7.6). about so an NaCI, about l aM IDTA and 
•bout 2.9* glycerol for about 30 ainutes at about 
30«. Following incubation, the saaples are applied 
to a polyaerylaaide gel (about 4%) using low ionic 
strength buffers (about 7 aM Tris-HCl, pH .7.5, 
about 3 aM sodiua acetate and about 1 bk EOTA) . 
Protein-nucleic acid coaplexes aigrate slower than 
nucleic acid fragments alone. 

Nicking activity can be determined in a 
siailar fashion as for determining the 
protein-nueleic acid coaplexes. Following the 
incubation period, the nucleic acid saaples are 
denatured, for example, by heat treataent, exposure 
to foraaaide or both, and then the saaples are 
applied to a standard denaturing polyaerylaaide 
gel, for exaaple about 81 with about 8 M urea, for 
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resolution-. Successful nicking is revealed by the 
presence of one or more smaller-sixed nucleic acid 
fragments as compared to* thre intact nucleic acid 
fragment. 

5 A T/G-specific endonuclease can be detected 

and obtained using th« same procedures except using 
an T/C mismatch-containing nucleic acid. 

By configuring other speeifie combinations of 
mismatches in the nucleic acid substrate, other 
IP enzymes contemplated to be useful in the practice 
of the instant invention can be identified and 
purified, such as the -all type* enzyme from HeLa 
cells, calf thymus and yeast cells described 
further hereinbelov. Chang t Lu (1991) Wuei . Acids 
15 Bftfc., 19, 4761-4766? Yang et al. (1991) ^ Biol. 
266, 6480-6484. 
The human and yeast all type endonuclease can 
nick at all eight base pair mismatches. Thus, that 
enzyme can be used for general screening for any 
20 mutations. In that case, polymerase chain reaction 
(PCR) products from normal and suspected mutant 
nucleic acids can be hybridised and tested vith the 
all type ensyme. Because different mismatches may 
be identified with differing efficiencies and 
25 sequence environment may have an effect on 
cleavage, labeling of different ends of the target 
nucleic acids or PCR products can be used. 
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It has been round that ir. the cut of the a/C 
mismatch enzyme of Lu i Chang, sjjBrj., the enzyme is 
active on not only nucleic acids o£ the endogenous 
host, E. coli, but is active on the nucleic acids 
5 - of other species as well. Essentially, any nucleic 
acid containing an a/s aisacteh is a suitable 
substrate for th. A/c aisaateh enzyme. Thus, in 
the ease of the VC aisaateh enzyae, the enzyae can 
be used to detect A/G aisaatehes in agriculturally 
beneficial species and in humans, for example. 
That diseovery enables the diagnosis of single base 
pair aisaatehes or autation that can give rise to 
deleterious alleles and disease states. Species 
spaeificity does not appear to be a characteristic 
of the aisaateh repair enzyme, siallar to the many 
restriction endonucleases which essentially act on 
OHA of any species. 

Accordingly, in one eabodiaent, the instant 
invention relates to a acthod of detecting specific 
nucleic acid autations with a aisaateh enzyae, sueh 
as the A/C aisaateh enzyae, that can be used to 
determine the preaenee of speeifie alleles or 
aberrant all«l«s in a nucleic acid, sueh as the 
genomic DMA, of an aniaal or a patient. Uses 
include prenatal diagnosis of genetle disease or 
the identifieation of latent genetic disease, that 
is diseases with low penetrance or delayed 
expression. The assays can be practiced 
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essentially as described above, that is, cells of 
a patient suspected of carrying a genetic disorder 
can be obtained, possibly circulating cells such as 
lymphocytes or by biopsy of a diseased organ, the 
5 nucleic acids from the cells are obtained, a 
specific region optionally can be amplified by PGR, 
hybridised with normal or wild type nucleic acid or 
with a specific probe, if necessary, treated with 
an appropriate restriction endonueleese to provide 
10 a fragment containing the suspected base pair 
mismatch or mutation, exposed to a mismatch enzyme 
and either the binding essay or the nielcing assay 
is conducted. 

In the binding assay and nicking assay 
15 described hereinabove, the presence of the 
protein-nucleic acid complex or of the cleaved 
fragments can be determined in a number of 
art-recognized methods, see for example Pried 4 
Crothers (Hud &slOa Blfc. (1981) 9, 6505-«32S) . 
20 Per example, the nucleic acid in the binding assay 
can be tagged with a radioactive label, such as a 
radiolabeled base (in the nicking essey, either 
the probe or the target genomic nucleic acid can be 
labelled to determine if cleevage occurs) end the 
25 respective molecular weights and migration 
distances ere inferred therefrom following a 
separation and/or a siting procedure, such as 
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electrophoresis. Examples of radioisotopes that 
can be used include S H, tt P, 3! s and 125 I. 

In a clinical setting and for general use in 
many clinical testing laboratories, it is 
- preferable that methods that do not require the use 
of radiolabelled nucleotides be used. Thus, the 
nucleic acids can be labelled with biotinylated 
bases and the presence of the biotin aoiety can be 
determined by the use of avidin or streptavidin 
labelled reporter molecules, which in turn can be 
ascertained by the use of the appropriate 
coloriaetrie or eheailuminescent substrate. (For 
exaaple, BRL, Gaitharsburg, mo, distributes 
biotinylated dATP, streptavidin-alkaline 
phosphatase conjugate and the appropriate 
phosphatase substrates. Lumigen*-ppc is a suitable 
substrate distributed by Millipore, MA.) 

Similarly, it also is possible to use bases 
which are labelled with coapounds that are 
luminescent, for exaaple, some automatic nucleic 
ecid sequenators rely on the use of the four common 
bases each labelled with a compound having a unique 
color signature. Luminescence is deterainable in 
e liquid scintillation eounter, luaineaater or by 
the use of light-sensitive files. Typical exeaples 
of luminescent compounds which can be used include 
fluorescent compounds, such as fluorescein 
isothiecyanate (Sigma), that emit light upon 
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excitation and chemiluminescent compounds that emit 
light is a result cf a chemical reaction, such as 
the use of reporter molecules comprising dioxetane 
derivatives (PhotoGene*, BRL, MO) . 

In another embodiment, particularly vhen using 
the nicking assay, the nucleic acid to be labelled, 
either the probe or the genomic target sequence, is 
labeled at both ends, that is on either side of the 
mismatch. The label may be the same or different. 
For example, one end may be labelled with biotin 
and the other end may be labelled with a 
luminescent compound. 

Thus, an intact molecule comprises both labels 
whereas a cleaved molecule yields two subfragments, 
each with one label « For exempl e , using 
fluorescent molecules that emit at different 
wavelengths or dyes of different color, a nucleic 
acid can be so labelled and the determination of 
whether cleavage has occurred is assessed by the 
presence of both labels in the sample or of only 
one label, for example, after a washing procedure 
wherein one end of che doubly labelled nucleic acid 
is affixed to a solid phase enabling the cleaved 
fragment carrying the second labelled end to be 
removed by a washing procedure . If identical 
labels are used, then the determination is whether 
a "single dose" or a "double dose" of label is 
present following the washing procedure. 
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According to the assay systea using tha N-ras 
gene, tha sensitivity of the instant assay is at 
least on tha order of 1%, that is the assay can 
detect tuaor cells that are present in a 99* 
5 . background of normal cells. Thus, the instant 
assay can identify a sequtnce variant found at a 
frequency of one variant out of a hundred. 

Accordingly, it is not necessary to obtain a 
specific biopsy section or to purify a cell 
population prior to use of the instant assay, such 
as by flow cytoaetry. The instant assay enables 
the detection of a genetic disorder using 
circulating cells found in a routine specimen. 

In another embodiment, the invention 
contesplatas the use of enzyaes that recognize 
specific base pair alsaatches for determining the 
identify of a particular base at a misaatch site 
whether the aisaatchad base pair is one of the 
pairs that is recognized by the enzyme or not. 

Four possible oligonucleotide probes are 
synthesized to span the site of interest. Two of 
the probes correspond to coding sequences of the 
gone of interest and another two probes are 
coapleaantary to the aforeaentioned two probes. 
The strategy is outlined in Table. l wherein probes 
1 and II represent the coding sequence probes and 
probes in , n d xv represent the probes 
coapleaentary to probes I and II. respectively. 



IS 



20 



25 



- 25 - 



WO 93/20233 



PCT/US93/02329 



Table l. Expected mismatch foraation and cleavage 
results using £. coli k/O endonuciease 



•vwtfan sitt (codfn,, .) Ceadinf, 6) (wmi^, A) (nancadir*, o 
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* represents the labelled strand 

a us. 3' end-labelled oligonucleotide probe 

b um unlab«ll«d oligonucleotide to hybridize 
vxth l.b.U.d pcr amplified target sequence 

20 c double positive result indicates a/g 
mismatch-containing nueleie can be nicked by 
the ondonuclease and sbevs a lower molecular 
weight band(s) in the autoradiogram of a 

„ ff u f I !? in * *el: A/C mismatch nicked waakly by 

25 the A/0 mismatch enzyme 
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In the exaaple 0 f Table i, pr0 bes z and Ir: 
contain adenine at the poiition where the nutation 
occurs whereas probes II and IV contain guanine at 
that site. The probes containing adenine, probes 
5 I and III of Table I, are end-labelled at the 5- 
•nd, for exaaple, with kinase using standard 
procedure.. Probes containing guanine are not 
labelled, in the hybridization reactions wherein 
the guanine-containing oligos are used (probes II 
w»d IV). the target nueleie acid fragment is 
labelled. 

The target nueleie acid sequence is rendered 
single stranded and exposed to the various probes 
in individual reaction vessels to enable duplex 
f braation. Depending on the sequence of the target 
nucleic acid at the target site, the various probes 
will generate either no aisaatch or a certain base 
aisaatch after hybridization. The resulting 
duplexes are digested with a specific aisaatch 
enxyae, such as the A/C aisaatch enzyae, the T/C 
aisaetch enzyae (Wiebauer 4 Jiricny (1919) Hatiir* . 
33», 234-236), the all-type enzyae (Yen et al. 

("si) I*. aiflu oaa,, 2 si, «48o-«4 8 4) or 

coabinations of «ev, ra i different enzyae., and the 
nueleie acid fragaents following incubation are 
identified by denaturing gel electrophoresis. 

Any nucleic acid with a specific aisaetch, in 
the cases noted above, an A/6 aisaatch or a T/G 
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mismatch, can be detected and localised by the 
presence of one or more subf ragments. Thus, in the 
Example of Table 1, using the A/G mismatch enzyme, 
if a lover molecular weight fragment noted in the 
reaction with the target sequence contains an 
adenine at the site of interest, Table 1, line 1 # 
a digestion product, that is a subfragment, will be 
observed when the target gene is hybridized vith 
oligonucleotide IV. If the target site is a c 
(Table 1, line 2), a subfragment will be found in 
the duplex in which oligonucleotide I is used. 

It is not essential that all four reactions be 
run concurrently to identify the base at the target 
site. The individual reactions can be run 
sequentially, or in any combination or order, as 
identification of the variant base could occur in 
the first reaction based on the unique pattern of 
reactivity for each oligonucleotide. 

In another embodiment, the invention 
contemplates the use of a general mismatch enzyme 
that is not restricted to a specific mismatch, that 
is, the enzyme is not restricted to recognizing 
only the A/G mismatch , for example. Such an enzyme 
has been obtained from bovine, yeast and human and 
the enzyme can nick at all eight base pair 
mismatches. Yeh et al. (1991) Biol. Chen. . 266, 
6480*6484. Thus, the general (all type) mismatch 
enzyme can be used to compare suspected mutant 



WO 93/20233 PO7US93/02329 
nucleic acid with wild type nucleic acid or in a 
first screening for any mutation because the site 
and base at that site may not be Jcnovn and only a 
single oligonucleotide probe or the mutant and 
5 - normal nucleic acids, relative to the target site, 
need be used. In using the general mismatch 
enzyme, the artisen must consider that different 
mismatches may be recognized with different 
efficiencies and that neighboring sequence 
10 environment could have some effect on binding and 
cleavage. Nevertheless, the general mismatch 
endonuclease retains the property of cleaving only 
one of the strands. 

To overcome strand specificity that could 
15 hinder the detection of a base pair mismatch, other 
mismatch enzymes, topoisomerases, glycolases and 
andonucleases, or combinations thereof, can be 
included in the screening of nucleic acid 
mismatches, crilly et al. (1990) Mutat. r m . 23 6, 
20 253-267, 

An example of a general mismatch endonuclease 
is one obtainable from calf thymus nuclear extracts 
by a modified method as described in Oignam et al. , 
NUCl. Acids Res., 17, 2437-2441, 1919). Briefly, 
25 frozen calf thymus (about 500 g) is thawed under 
running cold water, sliced and cleaned of 
connective tissue and vessels. The tissue slices 
are placed in solution A comprising about 0.2 M 
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sucrose, about 3 mM MgCl 2 , about 40 art NaCl, about 
0.05 mM PMSF and about 5 mM HEPES, pH 7.9 an d 
homogenized. The hoaogenate is filtered 

eequentially through one, tvo and four layers of 
5 - cheesecloth prevashed vith chilled solution A. 

The filtrate is centrifuged at 750 x g for 
seven minutes and the nuclear pellet is washed with 
solution A. About 250 ml of packed nuclei were 
suspended in about 500 ml of Solution E comprising 
10 about 10% sucrose, about 0.01% HP-40, about l mM 
DTT, about 0.1 mM PMSF, about 0.35 K KC1 and about 
25 mM HEPES, pH 7.9 and incubated at about 4°c. for 
about tvo hours. The nuclear debris was removed by 
centrifugation. The supernatant was diluted to 
15 100 mM KC1 by adding about tvo volumes of Buffer A 
comprising about 20 mM KP0 4 , pH 7.4, about 0.1 mM 
EDTA, about 0.5 mM DTT and about 0.1 mM PKSF. 

In the case of obtaining an all-type mismatch 
enzyme from human cells, such as KeLa cells, again 
20 a modification of the method of Dignam et el., 
supra, is employed. The isolated nuclear extract 
(fraction I) in about 60 ml buffer (comprising 
about 20 mM HEPES, pH 7.4, about 25% glycerol, 
•bout 0.42 K HaCl. about 1.5 BH KgCl,, about 0.2 mM 
25 EDTA, about 0.5 BH PMSF and about 0.5 bK DTT) was 
Bixad with about 440 nl of buffar A (about 20 mM 
KPO t , pH 7.4, about 0.5 BH DTT. about 0.1 bM EDTA 
and about o.l mM PMSF) containing about 0.05 K KC1 
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and the entire mixture is applied to an ion 
exchange column such as a 140 ml Bio-Rex 70 column 
(BioRad) equilibrated with buffer A containing 
about 0.05 mM XC1. Following a wash with the 
5 - equilibration buffer, the. column can be eluted with 
a linear gradient of XCi (about 0.1-1.0 K) in 
buffer A. The fractions containing the general 
mismatch endonuclease, which eluted at about 0.8 K 
KCI, are pooled (Fraction II). 
10 Fraction II can be applied to a hydroxyapatita 

column equilibrated with buffer A containing about 
0.03 M KCI. After washing with equilibration 
buffer, the column is eluted with a linear gradient 
of potassium phosphate (pH 7.4, about 0.01-0.6 M) 
15 containing about 0.5 K DTT and about 0.1 M PMSF/ 
Active fractions, which elute at about 0.4 M 
phosphate buffer, are pooled (fraction III) and 
dialyzed against buffer A. 

The sample can be loaded onto a heparin 
20 agarose column and eluted with, for example about 
0.7 mM KaCl in buffer A. The eluted sasple can be 
frosen in small aliquot* and stored at -70 # C. 

Presence of the general mismatch cndonucleasa 
in the fractions can be determined essentially as 
25 described above for the A/C-specific endonuclease 
using the nucleic acid binding assay or the nicking 
assay with the appropriate nucleic acid fragments 
containing a mismatch. 
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Tha invention now viU be described furrier by 
way of the following non-limiting examples* Unless 
otherwise indicated all amounts are either as (v/v) 
or (v/v). 

5 gmt»L» i 

Oligonucleotide primers and repair probes were 
synthesized using standard phosphoraaidite 
cfaaaistry on an Applied Biosystams OKA synthesiser 
according to the manufacturer's recommendations. 
10 see for example, Beaucage ft Caruthers (1981) T«*r». 
fcfttt i/ 22, 1859-1862; Kattencci ft Caruthers (1981) 
ABSCi. OlC&i Sflfi*, 103, 3185*3191. The 
oligonucleotides vera purified in 8-25% sequencing 
gels prior to use. Ths oligonucleotide denoted as 
15 Chang A16 (SEQ ID MO:l) vas annealed with 
oligonuclaotide Chang G16 (SEQ ID KO:2) to form 
duplax OTA with an A/G mismatch at position 51 for 
use in the endonuclaasa assay. 
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Tablt 2. Ssqutnccs of oligonucltotidts 1 

Chang Mi s'aahctccttaacctticttcccttcctttctcccc 

ACGTTCCCCCAATTXCCCTTTCCCCCTCAACCTCAA 
ATCCCGCCCTCCCTTTACCCTTCCCATCICCACCTTT 
ACCCCC 3« (SEQ ID NO:l) 

C&a "g ™ 5, ££SBMCCCTAAACCTCGAOATC8aAACCCTAAACC 

CACCCCCCCATTTACAGCTTCACCGCCAAAGCCGAAT 

TCC6CGAACGT6aC6A6AAAa6AACGGAAGAAASCTr 
(SEQ ZD HO: 2) 

107kV« « «i 5, 2g««J^CCIOTTTCTOCACATACTfiGATAC 
107N N-raa-61 AGCTGCACCACAACACTACAGTGCCATGAGAGACCAA 
prob« TACATCAGGACAGCC6AA66CTTCCTCTSTGTAT 3« 

(SEQ 10 NO: 3) 

^ 5 'SSTCGACATACTCCATACAGCTGCACCACAAGAGTA 

CACTGCCATfiACAO 3' (SEQ ID NOM) 

«3bp i.ft priwr 5, ^ C ^ CCTC ™«™* 3- (SEQ 10 NO:5) 

lC3bp right pri».r 5 ' AT ^«««^CCTTCC 3- (SEQ ID NO: 6) 

«bp l.ft pri-r ,,w « CM » eM ««a«»3' («Q ID no: 7, 

"bp right pri««r 5,CTCTCATCGC *^AcrcT 3- ( seq id no:8, 

, — 3 'GASCSAATTC6ATTCTTACA6AAAACAAGT 3« 

2l0bp i«ft priaer (SEQ id NO: 9) "caagt 3 

fffihn . 4 5 ' CTAGTTCGAATCCTAGTACCTGTAGAGGTT 3' 

2l0bp right prla«r (SEQ ID NO:io) 



*«J?i!!frii ,iJ *t? bMM fonB P ro *ru«ing «nds for labtling with Klenov 



- 33 



WO 93/10233 



PCT/US93/0Z329 



A human hepatoblastoma cell line, Hep-o-2, 
obtainable froa the ATCC under accession number 
.KB 80«5, contains a single bass change at codon 61, 
5 CAA to CTA. Hsu et al. (1990) Pvoe. ttmt\ . An. 
AaaflC, Cans, BSAu, 31, 806. N-ras-containing 
nucleic acid fragnents froa normal cells and froa 
Hep-C-2 cells vcre amplified by PCR using the 
appropriately configured priaer oligonucleotides 

10 (SEQ ID NO: 5 and SEQ ID NO: 6) , ware hybridized with 
a ceaplementary 107 base pair probe and then 
exposed to the A/G aisaateh enzyae. 

The 107 bp OKA (SEQ Z0 NO: 3) probe comprises 
codons 48-81 of the N-ree gene with four extra 

15 nucleotides, TTCG, at the 5* end of the coding 
strand to serve as a teaplate for labelling, except 
that the sequence for codon «1 is CCA. the probe 
generates a T/G and an A/6 aismatch with the normal 
DNA and tumor OKA, respectively. The DNA's after 

20 eleevage with the A/G aisaateh enzyme were 
denatured and set *rated on a sequencing gel using 
known methods. Maxaa i Gilbert (1980) Math. Enz. . 

65, 499-SSO. 

Unas containing tumor OKA presented a 44 base 
25 pair nucleotide cleavage product which was not 
found in normal OKA samples. When a shorter 
labelled probe of 50 base pairs (SEQ 10 NO: 4) was 
ueed and primers 3 and 4 (SEQ 10 NO: 7 and 
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SEQ ZD NO: 8) were used to amplify the target 
s«qu«ncft P the same results vere found, that is, a 
nucleotide digestion product of the A/G mismatch 
enzyme, in that case, 26 base pairs, was found in 
5 -the samples of tumor OKA but not in normal ONA. 
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To determine the sensitivity of the mismatch 
enzyme cleavage method, the N-ras-ccntaining 
fragment of the Hep-G-2 liver cells and the 107 bp 
probe (SEQ ID NO: 3) as noted in Table 2 described 
above were hybridised and the tumor DHA/probe 
hybrid vas diluted with increasing amounts of 
hybrids comprising normal DNA and probe. The 
resulting mixtures then were cleaved with the 
15 E. coli A/C endonuclease as described above. A 
specific 44 bese pair cleavage product remained 
detectable at the 1/50 dilution. Because the N-ras 
locus is heterozygous in the liver tumor cell from 
which the genomic 0NA vas obtained, the assay is 
sensitive up to I percent, that is tumor cells are 
preeent in only one percent of the normal cell 
background. 
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The disclosure in all references recited 
herein is herein incorporated by reference. 

It vill be evident to one of ordinary skill in 
the art that the invention described herein can be 
S "modified and adapted without departing from the 
spirit and scope thereof. The artisan will further 
acknowledge that the Sxaaples recited herein are 
demonstrative only and are not aeant to be 
limiting. 
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I. A method for identifying a nucleotide 
base at a single site in a nucleic acid comprising: 

(a) obtaining single stranded target 
nucleic acid sequences; 

(b) hybridizing oligonucleotides 
comprising said site to said single 
stranded nucleic acid sequences, 
wherein said oligonucleotides may or 
■ay not be complementary at said 
site in said single stranded nucleic 
acid sequences, to form 
oligonucleotide-target nucleic acid 
sequence hybrids; 

(c) exposing said nucleic acid sequence 
hybrids to an enzyme that binds to 
aisaatch bases to form 
enzyme-nucleic acid complexes or 
that cleaves one strand containing 
a mismatched base pair to produce 
cleaved fragments? 

(d) determining the presence of said 
enzyme-nucleic acid complexes or 
said cleaved fragments; and 

•) identifying the nucleotide base at 
said site by virtue of whether a 
reaction with an oligonucleotide 
foras a complex or produces cleaved 
fragments. 
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2. The method of claia 1 wherein said enzyme 
specifically binds to or cleaves at the 
adenine-guanine base pair. 

3. The aethod of claim 1 where said enzyme 
- specifically binds to or cleaves at the 

thymidine-guanine base pair. 

4. The aethod of claia l, wherein said 
nucleic acids are labelled with one or more 
detectable markers. 



5. The method of claim 4, wherein said 
detectable marker is a radioisotope. 

«. The aethod of elaim 4, wherein said 
detectable marker is an enzyae. 

7. The aethod of claia 4, wherein eaid 
detectable marker is a dye. 

a. The aethod of claia 4, wherein said 
enzyae produces cleaved fragments and each cleaved 
fragment is labelled with a different detectable 
Barker. 
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9. The aethod of claia l, wherein said 
target nucleic acid sequences are complementary to 
eeeh other and obtained from a double stranded 
nucleic acid, said oligonucleotides comprise a 
first and a second oligonucleotide complementary to 
a first single stranded nucleic acid and a third 
•nd a fourth oligonucleotide eoapleaentary to the 
second single stranded nucleic acid; and wherein 
•aid first and said third oligonucleotides comprise 
A, T, C or C at said site, and said second and said 
fourth oligonucleotides comprise at said site a 
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baa« other than that baaa which hybridize und.r 
normal conditions with the baaa at said sita in 
. said first and said third oligonucleotides. 

10. The nethod of claim 9, wherein said first 
- and said third oligonucleotides are labeled and 
said target nucleic acid sequences complementary to 
said second and said fourth oligonucleotides are 
S labeled. 



11. A method for identifying a base pair 
mismatch at a site in a nucleic acid comprising: 

(a) obtaining single stranded target 
nucleic aeid sequences; 

(b) hybridizing nucleic aeid fragments 
obtained from wild type cells or 
oligonucleotides comprising said 
site to said single stranded nucleic 
aeid sequences, wherein said 
fragments or said oligonucleotides 
■ay or may not be complementary at 
said sita in said single stranded 
sequence, to form fragment-target 
nucleie acid hybrids or 
oligonucleotide-target nucleie aeid 
hybrids; 

(c) exposing said nucleie aeid hybrids 
to an enzyme that binds specifically 
to base pair mismatches to form 
enryme-nucleic acid complexes or 
that cleaves a nucleic acid strand 
to produce cleaved fragments; and 
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(d) determining the presence of said 
coaplexee or said cleaved fragaents. 

12. Th« Method of claia 11, wherein said 
nucleic acids ara labelled vith on* or nor* 
detectable aarkars. 

13. Tha aethod of claia ia, wherein said 
detectable Barker is a radioisotope. 

14. The aethod of claia 12, wherein said 
detectable Barker is an ensyae. 

15. The Bathed of claia 12, wherein said 
detectable sarkar is a dye. 

16. The aethod of claia 12, wherein said 
•nryae produces cleaved fragaents and each cleaved 
fragaent is labelled with a different detectable 
aarker. 

17. The aethod of claia ii, wherein said 
enzyae binds specifically to or eleaves at tha 
adenine-guaaine bast pair. 

M. The aethod of claia 11, wherein said 
•nxyae binds ipeeifically to or cleaves at the 
thyaidine-guanine base pair. 

19. The aethod of claia 11, wherein said 
•nxyae binds specifically to or cleaves at a base 

pair aisaatch. 

20. The aethod of claia n, wherein said 
target nucleic add is obtained froa a patient 
suspected of having a genetic disease. 
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